The present investigation was undertaken to determine if-some of the components of exfoliation material in iris tissue were unique to exfoliation or were part of normal iris architecture. Eleven normal iris specimens and 10 exfoliative iris specimens were processed for cryoultramicrotomy and London resin white embedding. Immunogold electron microscopy was used to investigate the fine structural distribution of amyloid P component, elastin, entactin, fibronectin, gpll5, and vitronectin in normal iris and their association with exfoliation material. Exfoliation material was positive for amyloid P component and possibly gpll5, neither of which were present in normal iris tissue. Elastin and fibronectin were present in the normal iris stroma but were not associated with exfoliation material. The distribution of amyloid P component in the vessel lumen and wail led to the conclusion that amyloid P is a serum contaminant. The presence of gp115 in exfoliation material represents the synthesis of a component novel to the iris vascular celi synthetic repertoire. (Br3 Ophthalmol 1994; 78: 850-858) 
The exfoliation syndrome or pseudoexfoliation syndrome is considered to be a disorder in which there is an abnormal production and deposition of extracellular matrix in intra-and extraocular tissues. 1-3 Exfoliation syndrome is an age-related disease which is often complicated by glaucoma.4 5 By light microscopy exfoliation material is seen as eosinophilic bush-shaped accretions attached to zonular fibres, the surfaces of the ciliary processes, lens and iris, and within the trabecular meshwork.8 By transmission electron microscopy, exfoliation material appears as a polydimensional accumulation of cotton-like fibres consisting of filamentous subunits, with a varied periodicity (17-56 nm) embedded in an interfibrillar matrix. 2 The biochemical nature of exfoliation material has been the subject of intensive study but the exact composition remains to be elucidated. It is not known which of the constituents are the primary products of disordered cell secretion or which are simply absorbed into the abnormal matrix.
Several extracellular matrix (ECM) components have been localised to exfoliation material using the immunogold technique on postembedded tissue, including amyloid P component,"' chondroitin sulphate,90 elastin,9' " entactin (nidogen),9'°fibronectin,'°heparan sulphate,9 1' laminin,' 12 13 and vitronectin.9
The post-embedding immunolabelling technique carries the risk of masking antigenic epitopes. It is therefore more desirable to apply the cryoultramicrotomy technique in which immunolabelling is conducted before embedding, thus allowing a greater access to antigenic epitopes. It is, however, important that both cryoultramicrotomy and plastic embedding techniques are applied when it is necessary to identify the constituents of an abnormal accumulation of a complex biochemical nature.
In terms of pathogenesis, the accumulation of exfoliation material may simply be due to an uncontrolled production ofECM components by cells which are normally engaged in their synthesis. Alternatively, the cells may be triggered to synthesise ECM components completely outside their normal repertoire. Thus it is necessary to determine the status of these components in normal tissue. We therefore studied the distribution of a select number of ECM componentsnamely, amyloid P component, elastin, entactin, fibronectin, and vitronectin, in the normal iris and to confirm their presence in exfoliation material. To further investigate the elastic constituents, we also used a recently commercially available antibody to elastin associated glycoprotein (gpl 15).
Materials and methods
Normal iris tissue was obtained from four surgical enucleations, two postmortem enucleations (within 1 5 and 3 hours ofdeath respectively) and six iridectomies (see Table 1 for clinical details). All specimens were considered normal by histological examination of toluidine blue stained semithin (1 [tm) London resin (LR) white plastic embedded sections. Ten exfoliative iridectomy specimens were obtained from patients operated on for exfoliation glaucoma (Table 2) .
It is well recognised that the level of glutaraldehyde concentration can have profound effects on the degree of antigenic preservation: for this reason specimens were exposed to concentrations ofglutaraldehyde varying from 0% to 1% (see Tables 1 and 2 
IMMUNOCYTOCHEMISTRY
The Tris buffer employed throughout the immunocytochemical procedure was 50 mM Tris pH 7 2 with the addition of 1 5 g/l of sodium azide, 0 5 M NaCl1S and 0-05% Tween 20 (Sigma). Tween 20 was omitted from the buffer when labelling ultrathin frozen sections (cryoultramicrotomy). Primary antibody incubation was conducted for 2 hours at room temperature with the addition of 1% BSA to the Tris buffer. Unbound antibody was removed by six 5 minute changes in buffer and the grids incubated for 5 minutes on 1% BSA (in Tris) before labelling with a 1:50 dilution of 10 nm immunogold conjugate (Biocell Laboratories). Excess immunogold antibody was removed by six 5 minute changes in Tris buffer and the grids subsequently washed in two changes of distilled water. LR white ultrathin sections were stained with saturated aqueous uranyl acetate for 12-15 minutes and ultrathin frozen sections (cryoultramicrotomy) were embedded in a 10:1 mixture of 3% polyvinyl alcohol and saturated aqueous uranyl acetate. Grids were then examined in a Jeol 1200 EXII transmission electron microscope at 80 kV.
ANTIBODIES
The optimal working dilution of each antibody was determined experimentally. Higher dilu- tions were required for optimal labelling in ultrathin frozen sections (Table 3) . Details of the primary antibodies, including specificity tests conducted by the suppliers, are given in Table 3 . Rabbit primary antibodies (amyloid P component, vitronectin, and entactin) were visualised by 10 nm goat anti-rabbit immunogold conjugate (Biocell Laboratories) and mouse primary antibodies (elastin, fibronectin, and elastin associated glycoprotein) by 10 nm goat anti-mouse immunogold (Biocell Laboratories).
CONTROLS
Two negative controls were incorporated in the immunocytochemical procedure: (1) omission of the primary antibody, and (2) substitution of the primary antibody with non-immune serum from the same species in which the primary antibody was raised (Sigma). Non-immune sera dilutions were identical to those of the primary antibodies.
Immunogold labelling of the extracellular matrix was considered specific only when immunogold particles were absent from red blood cells, cell nuclei, mitochondria, and pigment granules. Non-specific labelling was best detected by examination of these structures.
Results
Exfoliative material was or 0-1% glutaraldehyde was employed and the use of paraglutaraldehyde (4% PFA plus 0 1-0-5% glutaraldehyde), although significantly improving ultrastructural preservation, resulted in minimal and sometimes complete absence of labelling.
Immunogold labelling for amyloid P component was absent from areas free of exfoliation material in LR white embedded tissue. However, in ultrathin frozen sections, labelling was also present in the iris stroma at intensities comparable with those of the normal iris specimens. The precise distribution of immunogold particles was also similar, being present predominantly in the electron lucent regions of the stroma. (Fig 5) . Anti-fibronectin antibodies were not associated with either thick or thin collagen fibrils (Fig 5) . Examination Immunolabelling for elastic associated glycoprotein (gp 115) was absent from sections of normal iris prepared either by LR white embedding or by cryoultramicrotomy.
Labelling for gpl 15 was present in the stroma and over exfoliation deposits of exfoliative iris sections prepared by cryoultramicrotomy (Fig  6) . Some association was observed between gpl 15 and striated collagen fibril bundles within the iris stroma. Immunogold particles were also randomly distributed over electron lucent areas of the stromal matrix and over aggregates of exfoliation material. The weak labelling of exfoliation deposits was in contrast with that observed for amyloid P component. Labelling observed in ultrathin frozen sections of exfoliative iris was not duplicated in sections of exfoliative specimens embedded in LR white plastic.
ELASTIN
Immunogold labelling for elastin was not observed in either normal or exfoliative iris embedded in LR white resin. Labelling for elastin was present in ultrathin frozen sections of both normal and exfoliation specimens. Immunogold particles were found in regions devoid of other identifiable matrix constituents (Fig 4) and occasionally the distribution of immunogold particles did not appear random but suggested the labelling ofvery thin filaments (Fig  4) . Cellular elements, exfoliation fibres and their associated granular matrix were free of label as were areas of the carbon Formvar composite film from which tissue was absent. Immunogold particles were a rarity in rabbit anti-mouse and goat anti-rabbit immunogold negative control LR white or ultrathin frozen sections (omission of primary antibody). Immunogold labelling was not observed in the negative normal goat and rabbit serum control sections (substitution of the primary antibody with non-immune serum from the same species in which the primary antibody was raised).
Discussion
For more than seven decades a failure to identify the constituents of exfoliation material has led to controversies concerning its origin, nature, and pathogenesis. Streeten and co-workers"'3 1"18 postulated that exfoliation material is derived from abnormal polymerisation ofglycoproteins associated with the zonular elastic microfibrillar system in a type of elastosis. This postulate is based on histochemical and immunohistochemical similarities between exfoliation material, the ocular zonules,8 '9 and elastic components. ' An alternative theory is that exfoliation material is 'an abnormal basement membrane synthesised at multiple sites by abnormal (aging) cells'.20 This theory was based on the close proximity of exfoliation material with basement membranes, and the~extensive basement membrane changes associated with exfoliative deposition. These changes are particularly prominent in basement membranes of the iris vasculature and a putative evolution of the vasculopathy has been constructed from extensive examination of iris blood vessels.2' Documentation of the distribution of collagen types I-V and laminin in normal iris vessels'222 provided a baseline for studying abnormalities in their distribution in exfoliative vasculopathy. Exfoliation Amyloid P component Using the two techniques of cryoultramicrotomy and LR white embedding we were able to confirm previous identification of amyloid P component within exfoliation deposits.9"' '7 However, it cannot be inferred from this that exfoliation material is an amyloid-like substance, because amyloid P is only a minor component of primary amyloid, constituting about 5-10% dry weight.'7 The mandatory amyloid components (amyloid A, prealbumin, and immunoglobulin light chains) are absent from exfoliation substance. '7 Amyloid P component was localised, in the present study, to plasma within blood vessels of iris is, to the best of our knowledge, an original finding. The presence of small amounts of elastin in the iris stroma can be correlated with tissue function. Iris tissue undergoes both constant and rapid contraction and expansion with changes in pupil diameter and it would therefore be predictable that the iris should contain an elastic element. However, we wish to express reservations on the validity of our results, for although non-specific labelling over cellular elements was 7 absent, the failure to associate elastin labelling 5 with any visible structure is somewhat disconcerting.
With regard to elastin in exfoliation material, our results may initially seem contradictory to those previously published. Elastin and tropoelastin have been localised to the deposits by Li et al using two ofthree antibodies: labelling ofthe deposits with antibody BA-4-a monoclonal antibody against bovine elastin -was considerably weaker.' The same group" found that exfoliation aggregates from a variety of organs (heart, lung, liver, gall bladder, and eye) stained positively for elastin. Schlotzer-Schrehardt et al,9
using the BA-4 monoclonal antibody, described moderate binding to exfoliation material in eyelid skin biopsies but only weak labelling of exfoliation material in the iris and ciliary body. In the present study using the BA-4 anti-bovine elastin monoclonal antibody we were unable to localise elastin to exfoliation substance in either LR white or ultrathin frozen sections. Using the but was absent from same antibody we have successfully localised lial basement mem-elastin to elastic fibres in the sclera (unpublished i control and exfolia-observations). Light microscopic immunohistochemistry of 2-day-old chicks has shown that elastin associated glycoprotein (gpl 15) is present in connective tissue extracellular matrix of several organs, " where it exhibits co-distribution with tropoelastin (in liver, heart, skin, large vessels, striated muscle, and lymphoid organs)." '" Both components are present in the chick eye in Descemet's membrane, the corneal stroma, and the elastic layer of Bruch's membrane." Colombatti et 
